A rod-shaped, motile, facultatively anaerobic and moderately halotolerant plant-growth-promoting actinobacterial strain, designated NCCP-11 T , was isolated from paddy grains. To delineate its taxonomic position, the strain was subjected to a polyphasic characterization. Cells of strain NCCP-11 T grew at 10-37 6C (optimum 28-32 6C), at pH 6-9 (optimum pH 7) and in 0-12 % (w/v) NaCl (optimum 1-2 %) in broth medium. Based on 16S rRNA gene sequence analysis, strain NCCP-11 T showed highest similarity to the type strains of Cellulomonas hominis (98.99 %)
The genus Cellulomonas was described by Bergey et al. (1923) as part of the family Cellulomonadaceae and, at the time of writing, it comprises 22 species with validly published names (Euzéby, 2014) . Members of this genus have been isolated from various habitats such as soil (Hatayama et al., 2013) , a coal mine (Shi et al., 2012) , sediment and water (Jones et al., 2005) , ocean (Zhang et al., 2013) , compost (Kang et al., 2007) , air (Lee et al., 2008) , clinical samples (Funke et al., 1995) , the grass Phragmites australis (Rusznyák et al., 2011) and decayed elm tree (Rivas et al., 2004) . Members of this genus are characterized as rods, aerobic or facultatively anaerobic, with cell-wall peptidoglycan containing ornithine, the major menaquinone MK-9 (H 4 ) and a high DNA G+C content ranging from 68.5 to 76 mol%, and most strains are cellulolytic and able to reduce nitrate (Stackebrandt & Schumann, 2012) .
During investigation of the microbial diversity of stored paddy rice, strain T was isolated on trypticase soy agar (TSA; Difco) by the dilution plate method from a stored paddy rice sample collected from the Plant Genetic Resources Institute (PGRI) GenBank, National Agricultural Research Centre, Islamabad, Pakistan. The purified strain was maintained on the agar medium and also stored in glycerol (35 %, w/v) stocks at 280 u C and subjected to phenotypic and phylogenetic characterization experiments. The type strains of closely related taxa, Cellulomonas hominis JCM 12133 T , Cellulomonas denverensis JCM 14733 T and the type species of the genus, Cellulomonas flavigena JCM 18109 T , were used as reference strains in all of these experiments under the same laboratory conditions, unless otherwise stated. Colonial morphology of strain NCCP-11 (weakly in C. flavigena), trehalose (weakly in C. flavigena), gentiobiose (weakly in C. flavigena) and turanose (weakly in C. flavigena); positive enzyme activity in all the strains for leucine arylamidase, b-galactosidase, a-glucosidase, N-acetyl-b-glucosaminidase and b-glucosidase (weakly in NCCP-11 T and C. flavigena); and negative for oxidase, fermentation of D-glucose, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, tryptophan deaminase, indole production, assimilation of mannitol, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid; no production of acid aerobically from erythritol, D-arabinose, L-xylose, D-adonitol, L-sorbose, dulcitol, inositol, xylitol, D-fucose, D-arabitol, L-arabitol and potassium 2-ketogluconate; whereas negative enzyme activity for alkaline phosphatase, esterase (C 4), esterase lipase (C 8), lipase (C 14), valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, b-glucuronidase and afucosidase. All the strains were resistant to (mg ml
21
): kanamicin (8), apramycin (16), lincomycin (2), colistin (4), cotrimoxazol (2/38), sulfamethizol (100), flumequin (4), oxolinic acid (2), nitrofurantoin (25), metronidazol (4) and oxacillin (2) (C. flavigena weakly resistant), and sensitive to chloramphenicol (8), doxycyclin (4) and rifamcin (4). All data are from this study. +, Positive; W+, weakly positive; 2, negative; ND, data not available. R, Resistant to the antibiotic; WR, weakly resistant to the antibiotic; S, sensitive to the antibiotic. PG, phosphatidylglycerol; DPG, diphosphatidylglycerol; PI, phosphatidylinositol; PIMs, phosphatidylinositol mannosides; PL, phospholipid of unknown structure; PGL phosphoglycolipid of unknown structure; Rha, rhamnose; Rib, ribose; Glu, glucose; Man, mannose; Gal, galactose. was observed on TSA cultured for 2 days at 30 u C. The temperature range for growth was determined on TSA (pH 7.0) by incubating at various temperatures (4, 10, 16, 22, 28, 32, 37, 45 and 50 u C) for 6 days. Growth of the strain was observed at 10-37 u C with optimum growth at 28-32 u C; there was no growth at 4 or 45 u C and only slight growth at 10 u C after several days. The absence of growth at 45 u C distinguished the strain from the closely related species C. denverensis, which can grow at 45 u C (Brown et al., 2005) . Strain NCCP-11 T also grew in the absence of oxygen as determined on TSA by incubation in an anaerobic chamber containing 100 % carbon dioxide (Mitsubishi Gas Chemicals) at 30 u C for 10 days. The optimum and range of pH for growth was determined by monitoring the OD 600 (using a spectrophotometer; IMPLEN) after cultivation at 30 u C in trypticase soy broth (TSB; Difco) by adjusting to a range from pH 4.0 to pH 10.0 (at increments of 1 pH unit).
The pH values adjusted using 1 M HCl or 0.5 M Na 2 CO 3 were verified after autoclaving. Strain NCCP-11
T grew at pH 6.0-9.0 with optimum growth at pH 7.0 and no growth at pH 5.0 or 10.0. Growth at various NaCl concentrations was determined in mTGE broth medium (Difco) supplemented with various concentrations of NaCl (0-15 %) at an adjusted pH of 7.0 and incubated at 30 u C for 2 days. Strain NCCP-11 T tolerated 0-12 % (w/v) NaCl in the broth medium, indicating that it is moderately halotolerant; however, optimum growth was observed at 1-2 % NaCl in mTGE (Difco) medium at neutral pH. The type strains of C. hominis and C. denverensis tolerated NaCl concentrations of up to 9 and 11 %, respectively; in contrast, C. flavigena JCM 18109 T grew at a maximum of 3 % NaCl.
Physiological and biochemical characteristics were determined using API 20E, API 20NE and API 50CH galleries (bioMérieux). API 50CHB/E medium was used to inoculate API 50CH galleries, whereas saline (0.85 % NaCl) medium was used for the other API kits. Strain NCCP-11 T was positive for catalase but negative for oxidase activity, as determined by using API Colour Catalase and API Oxidase Reagent (bioMérieux), respectively. The strain was motile as confirmed with M medium (bioMérieux) in addition to microscopic observation. Resistance to antibiotics was assessed with an ATB-VET strip (bioMérieux) and enzyme activities were determined with an API ZYM strip (bioMérieux). All commercial kits were used according to the manufacturer's protocols. Strain NCCP-11 T shared many phenotypic features with C. hominis JCM 12133 T , C. denverensis JCM 14733 T and C. flavigena JCM 18109 T in terms of positive results for catalase, b-galactosidase (ONPG), nitrate reduction and hydrolysis of aesculin, and negative results for oxidase, fermentation of D-glucose, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, urease, (23) Rib (31) Rib (18) Rha (25) Glu (10) Man (8) Glu (8) Rib (13) Man (3) Gal (4) Man (3) Man (6) Gal (1) Glu (3) Gal (2) Gal (1) *Data differed from those reported in previous studies.
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tryptophan deaminase, indole production, and assimilation of mannitol, capric acid, adipic acid, malate, trisodium citrate and phenylacetic acid. However, it also differed from these species in certain physiological and biochemical characteristics (Table 1) .
Nearly complete 16S rRNA gene was amplified using the forward primer 9F (59-GAGTTTGATCCTGGCTCAG-39) and reverse primer 1510R (59-GGCTACCTTGTTACGA-39) as previously described (Ahmed et al., 2007) . The purified PCR product was sequenced using forward primers 9F, 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 515F (59-GT-GCCAGCAGCCGCGGT-39) and reverse primers 926R ((59-CCGTCAATTCCTTTGAGTTT-39), 1492R (59-ACCTTGT-TACGACTT-39) and 1510R using the commercial sequencing service of Macrogen, Korea (http://dna.macrogen.com/ eng). The sequences obtained were assembled using BioEdit (version 7.1) software to obtain the consensus sequence. The almost-complete 16S rRNA gene sequence of strain NCCP-11 T (1421 nt) was compared with sequences of closely related type strains using the Ez-Taxon Server (http://eztaxon-e. ezbiocloud.net; (Kim et al., 2012) and BLAST search on the DDBJ/NCBI servers. The sequences of type strains of closely related species were retrieved from the database of the EzTaxon Server for reconstruction of the phylogenetic tree. Alignment and editing were performed using CLUSTAL X version 1.8msw (Thompson et al., 1994) contained in MEGA version 5.10 (Tamura et al., 2011) . Ambiguous positions and gaps were excluded during calculations. Molecular evolutionary analyses were performed using MEGA 5.10 and phylogenetic trees were reconstructed using the neighbour joining (using the Kimura two-parameter model), maximum-parsimony and maximum-likelihood methods. The stability of the relationships was assessed by bootstrap analysis (Felsenstein, 2005) , by performing 1000 resamplings for the tree topology of the neighbour-joining data.
The 16S rRNA gene sequence of strain NCCP-11 T showed 98.99 and 98.09 % similarities to C. hominis DMMZ CE40 T (GenBank accession number X82598) and C. denverensis W6929 T (AY501362), respectively, and less than 97 % to the other type strains of species of the genus Cellulomonas. Strain NCCP-11
T clustered with C. hominis and C. denverensis in the phylogenetic tree with high bootstrap (.95 %) support (Fig. 1) . The nodes of this cluster also appeared when phylogenetic trees were reconstructed using the maximum-parsimony and maximum-likelihood algorithms, indicating a strong coherence of strain NCCP-11 T with C. hominis and C. denverensis. Strain NCCP-11
T is similar to C. hominis and C. denverensis with respect to many other characteristics, although the data presented here also exhibited differences from these two strains and the other type strains of species of the genus Cellulomonas (Table 1) .
For DNA G+C content analysis and DNA-DNA hybridization, the genomic DNA of strain T and the reference strains was isolated using a Qiagen Genomic-tip 500/G following the manufacturer's protocol, with a minor modification in which RNase T1 was used in addition to RNase A. The DNA G+C content of strain NCCP-11 T was 76.2 mol% as determined by HPLC using a procedure described previously (Ahmed et al., 2007) . The result was consistent with those for members of the genus previously reported (Stackebrandt & Schumann, 2012) ; however, the DNA G+C content of C. denverensis JCM 14733 T determined here was significantly higher at 73.4 mol%, than the result (68.5 mol%) reported by Brown et al. (2005) . This discrepancy may have resulted from the different methodologies used. Brown et al. (2005) applied the spectrophotometric denaturation method described by Mandel et al. (1970) . DNA-DNA hybridization was performed between strain NCCP-11 T and Cellulomonas hominis JCM 12133 T and C. denverensis JCM 14733 T at 60 uC with photobiotin-labelled DNA and microplates as described by Ezaki et al. (1989) , using an Fluoroskan Ascent Plate Reader (Thermo Labsystems) for fluorescence measurements. The level of DNA-DNA relatedness between strain NCCP-11 T and C. hominis JCM 12133 T and C. denverensis JCM 14733 T was 42.7 and 26.7 %, respectively. These values are less than 70 %, indicating that the strain should be assigned to a novel species (Wayne et al., 1987) .
For whole-cell fatty acid analysis, strain NCCP-11 T and the reference strains were grown on TSA at 30 u C for 24 h. The cellular fatty acid methyl esters were prepared according to Sasser (1990) and were analysed on a gas chromatograph (model 6890; Hewlett Packard) according to the standard protocol of the Sherlock Microbial Identification System (MIDI Sherlock version 4.5, MIDI database TSBA40 4.10). The cellular fatty acid profile for strain T consisted predominantly of anteiso-C 15 : 0 (55.7 %), C 16 : 0 (15.1 %), C 14 : 0 (12.8 %) and anteiso-C 17 : 0 (6.3 %) (Table S1 available in the online Supplementary Material), which is similar to those of the members of the genus Cellulomonas.
Respiratory quinone and polar lipids of strain NCCP-11 T and the reference strains were extracted from 150-200 mg lyophilized cells grown in TSB at 30 u C for 24 h as described by Minnikin et al. (1984) . Isoprenoid quinones were determined by HPLC, and MK-9 (H 4 ) was found to be major component, whereas MK-7 and MK-8 were also detected as minor components. This is in agreement with the results of Brown et al. (2005) . Polar lipids were examined by two-dimensional TLC, using HPTLC plates [(10610 cm) Silica gel 60 (Merck)], as described by Kudo (2001) . Strain NCCP-11 T shared a similar polar lipid profile (Table 1) to C. hominis JCM 12133 T , C. denverensis JCM 14733 T and C. flavigena JCM 18109 T , which consisted of predominantly diphosphatidylglycerol (DPG), phosphatidylinositol (PI), phosphatidylinositol mannosides (PIMs) and two unknown phospholipids (PL) an unknown polar lipid (PL1) (Fig. S1) .
To determine the cell-wall peptidoglycan structure of strain T and the reference strains, 2 g wet cells grown in TSB at 30 u C for 24 h were harvested and cell walls were purified according to a method described previously (Kawamoto et al., 1981) . The amino acids in the cell-wall hydrolysate were quantitatively analysed on an automatic Amino Acid Analyser (Hitachi). Strain NCCP-11 T , C. hominis JCM 12133 T and C. denverensis JCM 14733 T contained ornithine, glutamic acid and alanine at a molar ratio of 1.0 : 2±0.01 : 1.90±0.06, respectively. The interpeptide bridge of the peptidoglycan of strain NCCP-11 T , C. hominis JCM 12133 T and C. denverensis JCM 14733 T comprised L-ornithine and D-glutamic acid as diagnostic amino acids, corresponding to peptidoglycan structure type A4b (Schleifer & Kandler, 1972) . However, this is slightly different in the type species of genus, C. flavigena JCM 18109 T , which contained L-ornithine and D-aspartic acid as the other variety of type A4b.
Sugar analysis of whole cells was carried out as described by Staneck & Roberts (1974) with the modification that sugars were identified by HPLC instead of TLC (Mikami & Ishida, 1983) . Strain NCCP-11 T possessed rhamnose, ribose and glucose (mannose was detected as minor component along with traces of galactose). A comparison of the molar ratio of sugars in the strains is presented in Table 1 . The whole-cell sugar composition of C. hominis JCM 12133 T and C. denverensis JCM 14733
T was rhamnose and ribose along with minor components of mannose, galactose and glucose. The whole-cell sugars of C. flavigena JCM 18109 T included glucose, rhamnose and ribose along with mannose as a minor component (Table 1 ). The genus Cellulomonas has T with the type strains of the species of the genus Cellulomonas with validly published names and those of the closely related species of the genus Oerskovia inferred from sequences of the 16S rRNA gene and rooted by using Cellulosimicrobium cellulans DSM 43879 T (X83809) as an outgroup.
The tree was constructed using the neighbour-joining method contained in the MEGA 5 software package (Tamura et al., 2011) based on a comparison of 1312 nt. Bootstrap values (only those .50 % are shown), expressed as a percentage of 1000 replications, are given at branch points. Nodes indicated by open circles were recovered using at least two algorithms, whereas nodes with filled circles were recovered using three algorithms. Bar, 0.5 % sequence divergence. The GenBank/EMBL/DDBJ accession number of each sequence is shown in parentheses.
been reported to be heterogeneous in terms of whole-cell sugars (Brown et al., 2005) , and thus this characteristic may be of practical value in species identification.
On the basis of genotypic, phenotypic and chemotaxonomic characteristics and phylogenetic position, strain NCCP-11 T is representative of a novel species of the genus Cellulomonas, for which the name Cellulomonas pakistanensis sp. nov. is proposed. Novel chemotaxonomic data for closely related species are also presented.
Description of Cellulomonas pakistanensis sp. nov.
Cellulomonas pakistanensis (pa.kis.tan.en9sis. N.L. fem. adj. pakistanensis from Pakistan, where the type strain was isolated).
Cells are facultatively anaerobic, motile, short rods, sometimes occurring in pairs. Colonies are round with entire margins, slightly raised, translucent with shiny surfaces and yellowish green. Texture is butyrous (butter like). Cells grow at 10-37 u C (optimum 28-32 u C), at pH 6-9 (optimum pH 7) and in 0-12 % (w/v) NaCl (optimum 1-2 %). Positive for catalase, ONPG and nitrate reduction, but negative for oxidase, Voges-Proskauer reaction, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, citrate utilization, H 2 S production, tryptophan deaminase and indole production. Aesculin is hydrolysed but gelatin and urea are not. Positive for production of acid aerobically ): penicillin (0.25), amoxycilin (4), spectinomycin (64), gentamicin (4), enrofloxacin (0.5), fusidic acid (2), oxacillin (2), kanamicin (8), apramycin (16), lincomycin (2), colistin (4), cotrimoxazol (2/38), sulfamethizol (100), flumequin (4), oxolinic acid (2), nitrofurantoin (25), metronidazol (4) and erythromycin (1); weakly resistant to tylosin (2); sensitive to amoxicillin/ clavulanic acid (4/2), cephalothin (8), cefoperazon (4), streptomycin (8), tetracycline (4), pristinamycin (2), chloramphenicol (8), doxycyclin (4) and rifamcin (4). The major polar lipids are diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides and two unknown phospholipids. Whole-cell sugars are rhamnose, ribose, glucose and mannose (the last as a minor component) along with traces of galactose. The type of cell-wall peptidoglycan structure is A4b with an interpeptide bridge comprising L-ornithine-D-glutamic acid as diagnostic amino acids. The predominant cellular fatty acids are anteiso-C 15 : 0 , C 16 : 0 and C 14 : 0 , followed by anteiso-C 17 : 0 , C 15 : 0 , iso-C 16 : 0 and iso-C 15 : 0 . The major menaquinone is MK-9(H4). The DNA G+C content of the type strain is 76.2 mol% (determined by HPLC). 
